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Abstract : A study was carried out to evaluate the effect of shelterwood 
cutting methods on stand structure and regeneration density. Data were 
collected from a northern hardwood forest stands in Iran with Fagus 
orientalis Lipsky as dominant species, with/without shelterwood cutting 
operation. Results clearly demonstrate that the management of Fagus 
orientalis Lipsky with shelterwood cutting system affected the frequency 
and diversity of the understory herbaceous species. The frequency of 
Viola silvestris Lam., Asperula odorata L., Carex spp. and Rubus hyr- 
canus Juz increased significantly after shelterwood cutting. The DBH 
(diameter at breast height) of commercial species in control stands 
(57.50±2.15 cm) was greater than that in treated stands (50.67+1.88 cm), 
whereas the total height of trees was similar between treated and control 
plots (21±0.5 m). The number of Parrotia persica seedlings increased by 
13.2% from 1995 to 2005 whereas the number of Fagus orientalis and 
Carpinus betulus seedlings significantly decreased from 1995 to 2005. In 
conclusion, it confirms that instead of shelterwood cutting method other 
silvicultural practices such as selection cutting method should be applied 
for the mountainous beech stands of Hyrcanian forests. 
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Introduction 

Hyrcanian or northern forests of Iran stretch up to an altitude of 
2800 m a.s.l. and comprise different forest types with 80 species 
of trees and shrubs. There are 1.9xl0 6 ha of hardwood forests in 
the north of Iran, which is called Hyrcanian ecosystem (Hosseini 
et al. 2007; Rouhi-Moghaddam et al. 2008; Poorbabaei and Poor- 
rostam 2009). The mean stock of these forests is 280 m 3 -ha _1 and 
the annual increment is between 2 and 8 m 3 -ha _1 (Sagheb-Talebi 
and Schutz 2002). In this ecosystem, the shelterwood cutting 
system is one of the traditional methods used to encourage the 
regeneration of the species with heavy seed such as beech and 
oak (Granberg et al. 1993; Quinby 2000; Glode and Sikstrom 
2001). This method was introduced by Hartig in 1791 for central 
European beech forests. The main objectives of shelterwood 
cutting are to develope seed trees by natural regeneration and 
encourage desirable species to achieve their maximum diameter 
growth (Schlesinger et al. 1993; Brose and Van Lear 1999). 
Shelterwood cutting system in forest management is a series of 
partial cuttings that removes the trees during several years and 
eventually creates a new even-aged stand (Bradley et al. 2001; 
Brose 2008; De Chantal et al. 2009; Sapkota et al. 2009). 

In the common shelterwood cutting system in Iran, prepara¬ 
tory cutting (an optional initial treatment to increase tree vigor 
and seed production within a mature stand), regeneration cutting 
(a treatment to establish regeneration throughout the stand area) 
and light felling are carried out before final cutting (Sagheb- 
Talebi and Schutz 2002). In regeneration cutting, a percentage of 
overstory is removed and soil is prepared for natural regeneration 
(Orlander and Karlsson 2000). Moreover, declining overstory 
may affect understory moisture and microclimate (Langvall and 
Lofvenius 2002; Morneault et al. 2004). 

An alteration of stand structure will influence the function of 
the ecosystem including site microclimate, water balance and 
soil fertility (Drew 1990; Chapman and Chapman 1997; Pothier 
et al. 2003; Erefur 2007). An experiment about regeneration 
under the shelterwood of spruce-dominated mature stand, con- 
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ducted by Soucek (2007) in Czech Republic, demonstrated that 
the diameter growth of 12-year-old sample trees after shelter- 
wood cuttings was more than that of control. Moreover, regen¬ 
eration density in subsequent forest after shelterwood cutting 
method was 88% and in control plot 67%. 

Soil acidity, nutrient deficient soils, lack of light penetration, 
herbivore, and understory competition are the major obstacles 
encountered in regenerating hardwoods (Meiwes et al. 1986; 
Cronan and Grigal 1995; Paquette et al. 2006). In shelterwood 
cutting system, light can penetrate to the forest floor (Hannah 
1987; Brose and Van Lear 1998; Nagaike et al. 1999). Seedling 
competition with ferns and grasses to access light and nutrients 
has been a problem following shelterwood cutting in many 
European and American countries (Loftis 1990; Brose and Van 
Lear 1998). During shelterwood cutting in north of Iran, techni¬ 
cal deficiency in performing secondary light felling has been 
caused invasion of berry ( Rubus fructicosus) and fern ( Petridium 
aquilinum) into gaps (Habashi et al. 2007; Pourmajidian et al. 
2009). 

By changing the shelterwood density, the light condition is 
greatly changed, which may affect the performance of the seed¬ 
lings and the outcome of the regeneration (Gordon et al. 1995; 
Langvall and Orlander 2001). Savoi et al. (1988) reported that 
the germination in beech was favored by increasing light inten¬ 
sity; more seedlings survived during the first months after emer¬ 
gence. In shelterwood, the height growth of seedlings of Scots 
pine and Lodgepole pine was significantly reduced due to par¬ 
tially factors associated with the distance to the nearest shelter 
tree (Strand et al. 2006). In a 130-year-old beech stand of south¬ 
ern Sweden, the beech ( Fagus sylvatica ) seedling germination 
rate was higher in the shelterwood than in the clear-cut, whereas 
the increase in seedling height and dry mass was greater in the 
clear-cut than in the shelterwood (Agestam et al. 2003). 

Despite many studies have focused on the changes of natural 
regeneration in understory plants from the canopy structure of 
beech, spruce and oak forest by shelterwood cutting (Loftis 1990; 
Agestam et al. 2003; Soucek 2007; Poorbabaei and Poor-rostam 
2009; Pourmajidian et al. 2009), the role of this system on regen¬ 
eration and stand structure of beech forests in Middle East de¬ 
ciduous temperate zone such as Hyrcanian forests is not fully 
understood. Moreover, evaluating the effectiveness of shelter- 
wood cutting from the perspective of silviculture is especially 
important to determine the type and time of improvement and 
tending operations. This paper sought to answer whether or not 
shelterwood cutting system was successful in our study area by 
evaluating the effect of shelterwood cutting in 1995 and 2005, in 
stand structure (tree diameter at breast height and basal area, 
crown diameter, tree height and volume) and regeneration den¬ 
sity. 

Materials and methods 

Study site 

Darab Kola forest with an area of 2 612 ha is located to the 
southeastern Sari city, Mazandaran Province, Iran (36°29'19" to 
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36°30'6"N, 53°19'25" to 53°19'57" E and 560-750 m a.s.l.). The 
soil is washed brown with classic horizon and at depth of 110- 
120 cm. The bed rock has marl, calcareous sandstone and lime¬ 
stone. The general aspect of the hillside is north and its average 
slope is 40%. The main woody species in Darab Kola are Fagus 
orientalis Lipsky , Ulmus glabra Huds, Acer velutinum Boiss, 
Carpinus betulus , Parottia persica and Alnus glutinosa L. The 
dominant species in our research area is Fagus orientalis Lipsky. 
Herbaceous vegetation in the forest consisted of Asperula 
(Asprula odorata ), Ferfion ( Ephorbia sp .), Metumeti ( Hypericum 
androseamum ) and fern ( Polystichum sp.). The climate is very 
moist with average temperature ranging from 26.1°C in August 
to 7.5 °C in February. Mean annual air temperature is 16.7 °C. 
The region receives 983.8 mm of precipitation annually. Mini¬ 
mum and maximum rainfall is 36.1 to 119.8 mm in July and 
November, respectively. The growing season lasts 240 days from 
April to November. 

Data collection 

Data were collected in 1995 and 2005 from a treated shelterwood 
without final cutting and control stands were located in 57-ha 
forest. In treated stand, two phases of shelterwood cutting includ¬ 
ing preparatory and regeneration cuttings with intensity of 20%- 
25% were conducted in 1986 and 1991, respectively. In order to 
define the study area, a topographical map with a scale of 1:5000 
was prepared. Sampling was conducted based on a systematic 
randomized approach. The map was placed on a network with 
scaled down dimensions of 75mX75m. The 60 circular sample 
plots in a size of 1 000 m 2 were considered for treated and con¬ 
trol stands. In each plot, a 100-m 2 circular micro-plot was estab¬ 
lished for measuring regeneration density of stands (Fig. 1). 
Smaller circular subplots with a size of 1 m 2 were set up for sur¬ 
veying herbaceous plants. 

Within each plot, the herbaceous plants were recognized and 
their frequency was calculated based on number of plots that 
have the species and the number of all plots surveyed. Diameter 
at breast height (DBH) of all trees in each of plots with a size of 

1 000 m 2 was measured by caliper. In addition, DBH and height 
of four trees (2 trees were the nearest to the plot center and 2 
trees were the largest in diameter at breast height) were recorded. 
Other parameters such as tree total height and basal area, crown 
basal area, bole height, crown height, crown diameter and crown 
coverage were calculated. Seedling densities (less than 1.3 m in 
height) were recorded in each micro-plot. Also, seedling vitality 
was classified into 4 classes where class 1 included seedlings 
with very low vitality (more than 60% of leaves were pale), class 

2 included seedlings with low to medium vitality (25%-60% of 
leaves were pale), class 3 included seedlings with relatively high 
vitality (10%—25% of leaves were pale) and class 4 included 
seedlings with high vitality (0-10% of leaves were pale). 

Statistical analysis 

All the data were analyzed statistically by using the computer 
software packages Microsoft Excel 2003 and SAS version 9.0. 
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Analysis of variance (ANOVA) was used to determine the effect compare the means. Linear regression was used to calculate the 
of management type on stand structure and regeneration. SNK relationships between vegetative parameters, 
test (Student Newman Kouls) at probability level 5% was used to 
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Fig. 1 Geographical position of the study area in northern forests of IR-Iran and schematic of systematic randomizes sampling method in 
treated and control stands. 


Results 

Herbaceous and commercial species characteristics 

The frequency of Viola silvestris Lam., Asperula odorata L., 
Carex spp. and Rubus hyrcanus Juz increased significantly after 
the shelterwood cutting in treated stand (/?<0.05) (Fig. 2). The 
DBH of commercial species in control stands was greater than 
that in the treated stands, whereas the total height of trees was 
similar. The mean bole height of trees in control stands was 
higher than that in the treated stands. The height and basal area 
of tree crown in control stand was less than those in the treated 
stand. The mean basal area at breast height recorded for trees in 
the control stand (0.30±0.02 m 2 ) was larger than that in the 
treated stand (0.23±0.01 m 2 ), (Table 1). 

Stock growth in the treated and control stands 

In treated stands, trees density in diameter classes<60 cm was 
greater than that in control stands except for diameter classes 25, 
35 and 55 cm, whereas trees density in diameter classes > 60 cm 
in the treated stands was less than that in control stands except 
for diameter class 75 (Table 2). In the treated stands, tree volume 


in different diameter classes was more than that in control stands 
except for diameter classes 25, 80, 85, 95, 100 and 105 cm (Ta¬ 
ble 3). 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Species 


Fig. 2 Comparison of the understory plant frequencies in the treated 
and control stands in 2005. 1 represents Orchis spp.; 2, Asperula odorata 
L.; 3, Viola silvestris Lam.; 4, Convolvuluspersicus L.; 5, Solanum kiseretskii 
C.A.Mey.; 6, Rubus hyrcanus Juz.; 7, Fragaria spp.; 8, Pteridium aquilinum 
(L.) Kuhn.; 9, Hedera pastuchovii Woron.ex.; 10, Euphorbia amygdaloides L.; 
11, Carex spp.; 12, Ruscus hyrcanus Woron.; 13, Geraminea spp., 14, La- 
mium album L.; 15, Hypericum androsaemum L.; 16, Panicum undolatifolius 
Ard.; 17, Danae racemosa (L.) Moench. Letters a and b show significance 
between treatments based on SNK test (Student Newman Kouls) at probabil¬ 
ity level of 5%. 
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The proportion of Fagus orientalis L. in the treated and con- sis detected a strongly positive relationship between tree height 

trol stands was significantly greater than that of other species and diameter at breast height in treated (R 2 =0.76) and control 

(Table 4), but no significant difference was detected among spe- stands (R 2 = 0.64), (Table 5). 
cies densities in different treatments (Table 4). Regression analy- 


Table 1. Means and standard deviation for commercial species in the treated and control stands in 2005 


Plots 

DBH (cm) 


Total height (m) Bole height (m) 

Crown height (m) 

Crown basal area (nf) Basal area at breast height (m 2 ) 

Treated 

50.67±1.88 


21.78±0.56 

8.01±0.36 

13.16±0.53 


48.95±3.24 


0.23±0.01 


Control 

57.50±2.15 


21.11±0.53 

10.43±0.41 

11.34±0.46 


45.92±3.18 


0.30±0.02 


Table 2. Comparison of the trees densities (Tree ha" 1 ) in different diameter classes in the treated and control stands 

Plots 





Diameter classes (cm) 







15 20 

25 

30 35 

40 45 50 

55 60 65 

70 

75 80 85 

90 

95 

100 

105 

Treated 

7 10 

2 

11 7 

7 5 11 

5 14 14 

9 

10 3 2 

1 

2 

0 

0 

Control 

5 1 

9 

9 9 

4 4 4 

6 13 16 

13 

7 6 5 

3 

5 

3 

3 

Table 3. Comparison of the tree volumes (m 3 

ha" 1 ) in different diameter classes in the treated and control stands 





Plots 





Diameter classes (cm) 







15 20 

25 

30 35 

40 45 50 

55 60 65 

70 

75 80 85 

90 

95 

100 

105 

Treated 

0.6 2 

0.6 

6.3 6.4 

9 8.6 25 

13 43 57 

46 

60 20 16 

10 

20 

0 

0 

Control 

0.2 0 

1.7 

2.0 3.8 

4 3.4 3.8 

8.8 23 36 

33 

22 25 17 

8 

22 

23 

15 

Table 4. Comparison of different species densities (Tree-ha -1 ) in the treated and control stands 

Plots 

Acer velutinum 


Acer laetum 

Alnus sub cor data 

Fagus orientalis Ulmus glabra huds Carpinus betulus 

Parrotia persica 

Treated 

3 a 


l a 

5 a 

100 a 

2 

a 8 a 



0 a 


Control 

9 a 


0 a 

0 a 

103 a 

1 

a 4 a 



3 a 



Note: “a” shows the same groups according to SNK test (Student Newman Kouls) at probability level of 5%. 


Table 5. Linear regression analysis between the trees diameter (DBH), Crown basal area (CA), Bole height (BH), Crown height (CH), Total 
height (TH) and basal area (BA). 


Plots 

Dependent 

Independent 

Reg. coefficients 

■ CEC 

R 2 

a R 2 

CV 

SSR 

Press 

variable 

variable 

bo 

bi 

Treated 

CA 

DBH 

-0.30 ns 

* 

1.03*** 

0.06 

0.4 

0.4 

15.6 

37.7 

38.9 

Control 

CA 

DBH 

-0.73 

1.09 


0.5 

0.5 

13.9 

29.0 

30.0 

Treated 

CA 

CH 

1.22 

0.98 

0.03 

0.4 

0.4 

15.7 

38.1 

39.2 

Control 

CA 

CH 

1.39 

0.94 


0.4 

0.4 

15.7 

37.4 

38.6 

Treated 

BH 

TH 

-0.19 ns 

* 

^ _ *** 

0.71 

sfcsjcsjc 

0.24 

0.2 

0.2 

24.1 

25.9 

26.7 

Control 

BH 

TH 

-0.67 

0.96 


0.4 

0.4 

17.7 

18.5 

19.2 

Treated 

TH 

DBH 

0.63 

0.63 

*** 

0.08 

0.8 

0.7 

5.8 

3.5 

3.7 

Control 

TH 

DBH 

0.89 

0.54 


0.6 

0.6 

6.4 

4.5 

4.7 

Treated 

CA 

BA 

-0.18 ns 

** 

0.51 

*** 

0.03 

0.4 

0.4 

15.6 

37.7 

38.9 

Control 

CA 

BA 

-0.60 

0.54 


0.5 

0.5 

13.9 

29.0 

30.0 

Treated 

CH 

TH 

-1.04 

__** 

1.16*** 

0.13 

0.6 

0.6 

12.7 

11.5 

11.9 

Control 

CH 

TH 

-0.80 

1.03 


0.5 

0.5 

15.1 

14.6 

15.1 

Treated 

CA 

TH 

-0.17 ns 

1.27 

*** 

0.15 

0.3 

0.3 

17.0 

44.9 

46.5 

Control 

CA 

TH 

-0.71 ns 

1.42 


0.4 

0.4 

15.6 

36.9 

38.4 


Notes: In Table 5 CEC (summarized statistics) is comparison of the error coefficients, aff is adjacent R-square, SSR is residual sum of square, PRESS is estimated 
residual sum of square and CV is coefficient of variation. 


Stock growth in 1995 and 2005 

In shelterwood cutting system, Fagus orientalis Lipsky density 
in different diameter classes in 1995 was approximately similar 
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to that in 2005 (p> 0.05) (Fig. 3a), but its basal area (Fig. 3b) and 
volume per hectare (Fig. 3c) in 1995 were more than those in 
2005 (p<0.05). Other species density in 1995 and 2005 was ap¬ 
proximately similar (/f>0.05) (Fig. 3d). Other species basal area 
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(Fig. 3e) and volume per hectare (Fig. 3f) with DBH < 45 cm in 
1995 were more than those in 2005 (/?<0.05). Carpinus betulus L. 
density (Fig. 3g), basal area (Fig. 3h) and volume per hectare 
(Fig. 3i) in different diameter classes in 2005 were significantly 



Diameter classes (cm) 


less than those in 1995. These indexes were also observed for 
total species (Fig. 3j), especially for basal area (Fig. 3k) and 
volume per hectare (Fig. 31). So, the stock of commercial species 
especially Carpinus betulus was decreased from 1995 to 2005. 

«g) —1995 -c^ 2005 

£ 301-1 



15 2025 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 >105 


Diameter classes (cm) 


Fig. 3 Comparison of the trees density, basal area and volume per hectare between two time treatment 1995 and 2005 for Fagus orientalis Lipsky, 
Carpinus betulus L., total and other species. 


Regeneration in the treated and control stands 

The most regeneration density with vitality class 1 and 2 was 
observed in control stands, whereas regeneration density with 
vitality class 3 in the treated stands was more than that in control 
stands. For both stands, there was no significant difference be¬ 


tween regeneration densities in vitality class 4 (high vitality), 
(Fig. 4, Table 6). 

Regeneration in 1995 and 2005 

The Parrotia persica seedling densities in 2005 were signifi- 
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cantly more than those in 1995 (p< 0.05). The seedling densities (P<0.05). Furthermore, the Carpinus betulus seedling densities 

for Fagus orientalis were 83% in 1995 and 75.3% in 2005 were 11.3 % in 1995 and 2% in 2005 (p<0. 05) (Table 7). 

Table 6. Regeneration density (Number ha' 1 ) for different species in treated and control stands 


Diameter classes (cm) 


Species 

Height <1.30 

m 

0 - 

-2.5 

2.5-7.5 


7.5- 

-12.5 


Treated < 

Control 

Treated 

Control 

Treated 

Control 

Treated 

Control 

Acer velutinum 

12 

9 

4 

0 

0 

0 

2 

0 

Acer laetum 

20 

32 

20 

3 

0 

5 

0 

0 

Parrotia persica 

288 

62 

192 

23 

46 

7 

14 

0 

Quercus castaneifolia 

5 

1 

2 

0 

0 

0 

0 

0 

Diospyros lotus 

17 

19 

8 

1 

4 

8 

1 

0 

Fagus orientalis 

995 

165 

122 

64 

96 

59 

28 

8 

Carpinus betulus 

47 

17 

4 

0 

17 

0 

14 

2 


Table 7. Regeneration density (%) for different species in 1995 and 2005 


Species 

Height <1.30 m 

0-2.5 

Diameter classes (cm; 

2.5-7.5 

) 

7.5 

-12.5 

Total 


1995 

2005 

1995 

2005 

1995 

2005 

1995 

2005 

1995 

2005 

Acer velutinum 

0.1 

0.1 

0 

0.01 

0 

0.01 

0 

0.01 

0.1 a 

0.13 a 

Acer laetum 

0 

0.07 

0 

0 

0 

0 

0 

0 

0 a 

0.07 a 

Parrotia persica 

0.3 

9.9 

1.8 

3.4 

2.6 

3.2 

0.1 

1.5 

oo 

A 

18 a 

Quercus castaneifolia 

0 

2.1 

0 

0 

0 

0 

0 

0 

0 a 

2.1 a 

Diospyros lotus 

0.8 

1.6 

0 

0.1 

0 

0.2 

0 

0.3 

0.8 a 

1.7 a 

Fagus orientalis 

18 

27.7 

31.4 

21.6 

21.5 

15.6 

12.4 

10.3 

83 a 

75.3 b 

Carpinus betulus 

2 

1 

2 

0.6 

3 

0.4 

4.3 

0.2 

11.3 a 

2.2 b 


Notes: in a same row, values with same superscript aren't significantly different at 5% level of SNK test. 



12 3 4 


Vitality classes 

Fig. 4 Regeneration density in different vitality classes of the treated 
and control stands. A and B show different groups according to SNK test 
(Student Newman Kouls) at probability level of 5%. 

Discussions 

The shelterwood cutting system can be used to establish regen¬ 
eration and to improve the growing conditions of seedlings and, 
thereby, increase their probability of survival after final harvest 
(Pothier and Prevost 2008). One of the features of shelterwood 
cutting method is maintaining forest canopy at some degree, 
which can reduce harvesting damage to forest ecosystem. Al¬ 
though shelterwood harvesting is deemed to be adequate for 
preserving some wildlife values, little is known about its impact 
on stand structure and forest regeneration (Bradley et al. 2001). 
Management of Fagus orientalis Lipsky with shelterwood cut¬ 
ting system affected the frequency and diversity of the under- 
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story species. The frequency of Viola silvestris Lam., Asperula 
odorata L., Car ex spp. and Rubus hyrcanus Juz increased sig¬ 
nificantly after the shelterwood cutting in the treated stand (Fig. 
2). This strong increase in the plant density was due to the can¬ 
opy opening after harvesting. So, the shelterwood cutting system 
seems to be an option for maintaining plant species diversity 
after logging. Similar findings have been reported for Fagus 
orientalis Lipsky in Sangdeh forests of Iran (Pourmajidian et al. 
2009). Decrease of frequency for some shade tolerance species 
such as Hedera pastuchovii Woron.ex. and Danae racemosa (L.) 
Moench was recorded in the treated stand (Fig. 2). This species 
might disappear due to the exposure to greater sun light. Shel¬ 
terwood cutting has been reported to make beech regeneration 
more difficult in many Japanese beech forests, but this method 
might not significantly affect plant species diversity (Nagaike et 
al. 1999). 

In this study, it has been proven that DBH of commercial spe¬ 
cies in control stands is more than that in the treated stands, 
whereas the total height of trees is similar between the treated 
and control plots (Table 1), which is agreed with other recent 
results (Sagheb-Talebi and Schiitz 2002; Sagheb-Talebi et al. 
2004). In addition, the bole height of trees in control stands was 
higher than that in the treated stands (Table 1). In the treated 
stands, the bole branchiness can be increased because of human 
interference and solar radiation entering into the stands. The 
height and basal area of tree crown in the control stands were 
less than those in the treated stands (Table 1). This could confirm 
that the bole height in control stands was higher than that in the 
treated stands (Strand et al. 2006). 
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The mean basal area at breast height recorded for each tree in 
treated and control forests was (0.23±0.01) m 2 and (0.30±0.02) 
m 2 , respectively (Table 1). This is in agreement with the findings 
of Tabari et al. (2007). A study was carried out before the first 
shelterwood cutting (in 1974) and after the last shelterwood cut¬ 
ting (2004) in a Fagus orientalis forest in north of Iran. The re¬ 
sults after 30 years (in 2004) revealed that frequency, basal area 
and standing volume were significantly enhanced for beech and 
reduced for hornbeam but did not statistically differ for alder, 
maple and other species. Sapling and thicket groups were ob¬ 
served in parts of the investigated site, where the mature trees 
were not felled (Tabari et al. 2007). In the treated stands, trees 
density in diameter classes of < 60 cm was greater than that in 
control stands (Table 2). Also, trees volume in diameter classes 
of > 80 cm in treated stands was less than that in control stands 
(Table 3), because in the first cuts of the shelterwood, the trees 
with the most original basal area were harvested (Habashi et al. 
2007). 

The seedling vitality in the control stands was less than that in 
the treated stands (Fig. 4), which is in accord with previous re¬ 
sults of Agestam et al. (2003) and Beguin et al. (2009). The rea¬ 
son may be that seedling vitality in gaps of treated stands was 
more than that in the closed canopy of control stands. Another 
explanation can be the accessibility of light for seedlings in gaps 
(Loftis 1990; Erefur 2007; Sapkota et al. 2009). In clear-cuts the 
height of red spruce ( Picea rubens Sarg.) seedlings in skid trails 
seemed to be negatively affected by the considerable quantity of 
woody debris (Pothier and Prevost 2008). 

Unsuitable harvesting methods during last 30 years and lack of 
forest protection are the two main technical reasons for failure of 
the shelterwood cutting system in Hyrcanian forests (Hosseini et 
al. 2000; Soltani 2003). In addition, infrequent seed years occur¬ 
ring at intervals of five to eight years and closed canopy are natu¬ 
ral reasons of regeneration failure in shelterwood cutting system 
of Hyrcanian forests (Soltani 2003). This incomplete regenera¬ 
tion was also observed in shelterwood cutting system of Euro¬ 
pean forests. So, artificial planting was prescribed to supplement 
natural regeneration (Linnard 1987; Shimano and Masuzawa 
1998). 

Holgen and Hanell (2000) recommended that the density of 
shelter conifer trees should be at least 200 per hectare to provide 
adequate protection for the new tree generation. Beguin et al. 
(2009) demonstrated that the use of silvicultural treatments (shel¬ 
terwood cutting and strip clear cutting) alone is unlikely to re¬ 
store balsam fir regeneration on Anticosti Island. In this study, 
the number of Parrotia persica seedlings in 2005 was signifi¬ 
cantly more than that in 1995 (Table 7), which supports Soltani 
(2003) results. Fagus orientalis and Carpinus betulus seedlings 
significantly were decreased from 1995 to 2005 (Table 7). A 
similar response has been found in other researches (Tabari et al. 
2007). 

Conclusions 

We found that the density of Fagus orientalis and Carpinus betu¬ 
lus seedlings significantly decreased from 1995 to 2005, whereas 


Parrotia persica seedlings density increased. These findings 
indicate that shelterwood cutting system was not a suitable 
method for the management of beech forests in our study area 
due to topography restrictions. Moreover, present study results 
reveal that the frequency of Rubus hyrcanus Juz increased sig¬ 
nificantly after the shelterwood cutting in the treated stand be¬ 
cause of unsuitable secondary thinning that has caused invading 
berry ( Rubus hyrcanus Juz.) in gaps. In conclusion, it confirms 
that, instead of shelterwood cutting system, other silvicultural 
practices, such as single tree selection system and group selec¬ 
tion system, should be applied for the mountainous beech stands 
of the Hyrcanian forests of Iran. Also, despite a large number of 
studies show that nutrient availability and microbial properties of 
forest soil are affected by shelterwood system, there are still not 
enough indications of the effect of this system on the natural 
regeneration and stand structure. Hence, still further studies are 
required to provide a better understanding of shelterwood cutting 
successfulness in deciduous Hyrcanian forests ecosystem as a 
key control factor on the forest regeneration and stand structure. 

References 

Agestam E, Eko PM, Nilsson U, Welander NT. 2003. The effects of shelter- 
wood density and site preparation on natural regeneration of Fagus Sylva- 
tica in southern Sweden. Forest Ecology and Management, 176: 61-73. 
Beguin J, Pothier D, Prevost M. 2009. Can the impact of deer browsing on 
tree regeneration be mitigated by shelterwood cutting and strip clear cut¬ 
ting? Forest Ecology and Management, 257: 38-45. 

Brose PH, Van Lear DH. 1998. Responses of hardwood advance regeneration 
to seasonal prescribed fires in oak-dominated shelterwood stands. Canadian 
Journal of Forest Research, 28: 331-339. 

Brose PH, Van Lear DH. 1999. Effects of seasonal prescribed fires on residual 
overstory trees in oak-dominated shelterwood stands. Southern Journal of 
Applied Forestry, 23: 88-93. 

Brose PH. 2008. Root development of acorn-origin oak seedlings in shelter- 
wood stands on the Appalachian Plateau of northern Pennsylvania: 4-year 
results. Forest Ecology and Management, 255: 3374-3381. 

Bradley RL, Titus BD, Hogg K. 2001. Does shelterwood harvesting have less 
impact on forest floor nutrient availability and microbial properties than 
clearcutting? Biol Fertil Soils, 34:162-169. 

Chapman CA, Chapman LJ. 1997. Forest regeneration in logged and unlogged 
forest of Kibale National Park, Uganda. Biotropica, 29: 396-412. 

Cronan CS, Grigal DF. 1995. Use of calcium/aluminum ratios as indicators of 
stress in forest ecosystems. Journal of Environmental Quality, 24: 209-226. 
De Chantal M, Rita H, Bergsten U, Ottosson Lofvenius M, Grip H. 2009. 
Frost heaving of Picea abies seedlings as influenced by soil preparation, 
planting technique, and location along gap-shelterwood gradients. Silva 
Fennica, 43: 39-50. 

Drew AP. 1990. Fern and aster effects on black cherry shelterwood regenera¬ 
tion. Canadian Journal of Forest Research, 20: 1513-1514. 

Erefur C. 2007. Regeneration under shelterwood - control of environmental 
factors. Licentiate dissertation. Department of Silviculture Reports No. 67, 
25pp. ISSN 0348-8969, ISBN 978-91-576-7206-3, ISRN SLU-SSKTLR- 
67-SE. 

Gordon AM, Simpson JA, Williams PA. 1995. Six-year response of red oak 

Springer 




272 


Journal of Forestry Research (2010) 21(3): 265-272 


seedlings planted under a shelterwood in central Ontario. Canadian Journal 
of Forest Research, 25: 603-613. 

Granberg HB, Ottosson-Lofvenius M, Odin H. 1993. Radiative and aerody¬ 
namic effects of an open pine shelterwood on calm, clear nights. Agricul¬ 
tural and Forest Meteorology, 63: 171-188. 

Glode D, Sikstrom U. 2001. Two felling methods in final cutting of shelter- 
wood, singlegrip harvester productivity and damage to the regeneration. 
Silva Fennica, 35: 71-83. 

Habashi H, Hosseini SM, Rahmani R, Mohammadi J. 2007. Stand structure 
and spatial patterns of trees in mixed Hyrcanian beech forest, Iran. Pakistan 
Journal of Biological Sciences, 10: 1205-1212. 

Hannah PR. 1987. Regneration methods for oaks. Northern Journal of Ap¬ 
plied Forestry, 4: 97-101. 

Hosseini S, Madjnonian B, Nieuwenhuis M. 2000. Damage to natural regen¬ 
eration in the Hyrcanian forests in Iran: a comparison of two typical timber 
extraction operations. Journal of Forest Engineering, 11: 69-73. 

Hosseini SM, Kartoolinejad D, Mirnia SK, Tabibzadeh Z, Akbarinia M, Sha- 
yanmehr F. 2007. The effects of Vis cum album L. on foliar weight and nu¬ 
trients content of host trees in Caspian Forest (Iran). Polish Journal of Ecol¬ 
ogy, 55: 579-583. 

Holgen P, Hanell B. 2000. Performance of planted and naturally regenerated 
seedlings in Picea a^zes'-dominated shelterwood stands and clearcuts in 
Sweden. Forest ecology and Management, 127: 129-138. 

Langvall O, Orlander G. 2001. Effects of pine shelterwoods on microclimate 
and frost damage to Norway spruce seedlings. Canadian Journal of Forest 
Research, 31: 155-164. 

Langvall O, Lofvenius MO. 2002. Effects of shelterwood density on nocturnal 
near-ground temperature, frost injury risk and budburst date of Norway 
spruce. Forest ecology and Management, 168: 149-161. 

Linnard S. 1987. The fate of beech mast. Quarterly Journal of Forestry, 81: 
37-41. 

Loftis DL. 1990. A shelterwood method for regenerating red oak in the 
Southern Appalachians. Forest Science, 36: 917-929. 

Meiwes KJ, Khanna PK, Ulrich B. 1986. Parameters for describing soil acidi¬ 
fication and their relevance to the stability of forest ecosystems. Forest 
Ecology and Management, 15: 161-179. 

Morneault AE, Naylor BJ, Schaeffer LS, Othmer DC. 2004. The effect of 
shelterwood harvesting and site preparation on eastern red-backed sala¬ 
manders in white pine stands. Forest Ecology and Management, 199: 1-10. 

Nagaike T, Kamitani T, Nakashizuka T. 1999. The effect of shelterwood 
logging on the diversity of plant species in a beech (Fagus crenata) forest 
in Japan. Forest Ecology and Management, 118: 161-171. 

Orlander G, Karlsson C. 2000. Influence of shelterwood density on survival 
and height increment of Picea abies advance growth. Scandinavian Journal 
of Forest Research, 15: 20-29. 

Poorbabaei H, Poor-rostam A. 2009. The effect of shelterwood silvicultural 
method on the plant species diversity in a beech (Fagus orientalis Lipsky) 
forest in the north of Iran. Journal of Forest Science, 55: 387-394. 

Pourmajidian MR, Malakshah NE, Fallah A, Parsakhoo A. 2009. Evaluating 
the shelterwood harvesting system after 25 years in a beech (Fagus orien¬ 


talis Lipsky) forest in Iran. Journal of Forest Science, 55: 270-278. 

Pothier D, Prevost M. 2008. Regeneration development under shelterwoods in 
a lowland red spruce - balsam fir stand. Canadian Journal of Forest Re¬ 
search, 38: 31-39. 

Pothier D, Prevost M, Auger I. 2003. Using the shelterwood method to miti¬ 
gate water table rise after forest harvesting. Forest Ecology and Manage¬ 
ment, 179: 573-583. 

Paquette A, Bouchard A, Cogliastro A. 2006. Successful under planting of red 
oak and black cherry in early-successional deciduous shelterwoods of North 
America. Annals Journal of Forest Science, 63: 823-831. 

Quinby P. 2000. First-year impacts of shelterwood logging on understory 
vegetation in an old-growth pine stands in central Ontario, Canada. Envi¬ 
ronmental Conservation, 27: 229-241. 

Rouhi-Moghaddam E, Hosseini SM, Ebrahimi E, Tabari M, Rahmani A. 
2008. Comparison of growth, nutrition and soil properties of pure stands of 
Quercus castaneifolia and mixed with Zelkova carpinifolia in the Hyr¬ 
canian forests of Iran. Forest Ecology and Management, 255: 1149-1160. 

Sagheb-Talebi K, Schutz JP. 2002. The structure of natural oriental beech 
(Fagus orientalis) forests in the Caspian region of Iran and the potential for 
the application of the group selection system. Forestry, 75: 465-472. 

Sagheb-Talebi K, Madsen P, Terazawa K. 2004. Improvement and silviculture 
of beech. Proceedings from the 7th International Beech Symposium IUFRO 
Research Group 1.10.0010-20, Tehran, Iran. Research Institute of Forests 
and Rangelands (RIFR). 186 pp. 

Savoi JM, Combs B, Letouzey J, Gelpe J. 1988. Billan hydrique de hetraies 
mixtes en relation avec le comportement et la regeration du hetre (Faguys 
sylvatica L.). Acta oecologica. Oecologiaplantarum, 9: 285-300. 

Sapkota IP, Tigabu M, Oden PC. 2009. Species diversity and regeneration of 
old-growth seasonally dry Shorea robusta forests following gap formation. 
Journal of Forestry Research, 20: 7-14. 

Schlesinger RC, Sander IL, Davidson KR. 1993. Oak regeneration potential 
increased by shelterwood treatments. Northern Journal of Applied Forestry, 
10: 149-153. 

Strand M, Lofvenius MO, Bergsten U, Lundmark T, Rosvall O. 2006. Height 
growth of planted conifer seedlings in relation to solar radiation and posi¬ 
tion in Scots pine shelterwood. Forest Ecology and Management, 224: 
258-265. 

Soucek J. 2007. Regeneration under a shelterwood system of spruce- 
dominated forest stands at middle altitudes. Journal of Forest Science, 53: 
467-475. 

Soltani A. 2003. Improvement of seed germination of Fagus orientalis Lip¬ 
sky. Department of Silviculture Umea. Swedish University of Agricultural 
Sciences Umea. PhD thesis, ISSN 1401-6230, ISBN 91-576-6509-5, pp 19. 

Shimano K, Masuzawa T. 1998. Effects of snow accumulation on survival of 
beech (Fagus crenata ) seed. Plant Ecology, 134: 235-241. 

Tabari M, Espahbodi K, Pourmajidian MR. 2007. Composition and structure 
of a Fagus orientalis -dommdXQd forest managed with shelterwood aim (A 
Case study in the Caspian forests, northern Iran). Caspian Journal of Envi¬ 
ronmental Science, 5: 35-40. 


Springer 




